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Tém tat

O nhiém du lugng khdng sinh Tetracycline (TC) trong moéi truidng nuéc ngay cang dang lo ngai, ddt ra nhu cdu
cdp thiét vé cdc vit ligu xi Iy hidu qud va than thién véi méi trudng. Nghién citu nham ddnh gid khd ndng hdp
phu Tetracycline (TC) ciia than sinh hoc XD-KHCO, diéu ché ti xo vé qua dita nudc. Vat liéu dugc diéu ché
bang cdch hoat héa xo dita v6i KHCO, (ty 1¢ 1:3) va nung é 700°C; dugc ddc trung bang SEM va FTIR; khd
ndng hdp phu duoc ddnh gid qua thi nghiém theo mé véi cdc mo hinh dang nhiét va dong hoc. Két qua cho thdy
XD-KHCO, c¢6 cdu triic x0p va nhiéu nhém chibc bé mat, dat dung lugng hdp phu TC téi da 291,2 mg/g. S6 liéu
phit hop tot véi moé hinh Langmuir (R? = 0,994) va dong hoc Pseudo-second-order (R? = 0,978), cho thdy hdp
phu don 16p do hép phu héa hoc chi phéi. Nhin chung, viéc iing dung vt liéu XD-KHCO, cho thdy trién vong
ddng ké trong viéc loai bé TC trong nudc.
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Study on the adsorption capacity of Tetracycline antibiotic
from modified biochar derived from nipa palm (Nypa fruticans)
husk fiber

Abstract

Tetracycline (TC) antibiotic residue pollution in water environments is becoming increasingly alarming,
creating an urgent need for effective and environmentally friendly treatment materials. This study aims to
evaluate the Tetracycline (TC) adsorption capacity of XD-KHCO, biochar prepared from nipa palm (Nypa
fruticans) husk fiber. The material was prepared by activating nipa palm husk fiber with KHCO, (1:3 ratio)
and calcining at 700°C; it was characterized by SEM and FTIR, and its adsorption performance was assessed
through batch experiments using adsorption isotherm and kinetic models. The results showed that XD-KHCO,
possesses a porous structure and abundant surface functional groups, reaching a maximum TC adsorption
capacity of 291.2 mg/g. The data fitted well with the Langmuir isotherm model (R*> = 0.994) and the Pseudo-
second-order kinetic model (R* = 0.978), indicating monolayer adsorption dominated by chemisorption.
Overall, the application of XD-KHCO, shows considerable promise for removing TC from water.

Keywords: Biochar, nipa palm husk fiber, adsorption, KHCO,, Tetracycline (TC).

JEL Classifications: O13, Q53, Q55, Q56.

1. PAT VAN PE

Tetracycline (TC) la mét loai khang sinh dugc su
dung phé rong do hoat tinh phd quét chdng lai vi
khuin (cd Gram duong va Gram 4m), mycoplasma,
ndm (chlamydia), rickettsia va ky sinh trting, va la
loai khang sinh chinh dugc st dung trong diéu tri cho
ngudi, thu y valam phu gia thiic 4n trong nong nghiép
[1]. TC la loai khang sinh dugc san xuét va tiéu thu
nhiéu thd hai trén toan thé gidi [2] nho cac ddc tinh
nhu gid thanh thip, it doc hai, hoat tinh phé rong va

6 thé dung dudng udng [3]. Ngoai linh vyc diéu tri
cho ngudi va tha y, TC con duge tGing dung rong rai
nhu mot chat kich thich tang trudng trong nuéi trong
thay san dé ting kha nang hép thu chit dinh dudng, tu
dé tang doanh thu thuong mai cho ngudi nudi [4]. TC
thudng dugc phét hién trong nudc mit va nudc ngdm
do ting dung rong rai va kha nang hap phu cao; trong
khi d6, cac nha may xt Iy nudc thai khong thé loai bo
cac chit 6 nhiém vi lugng nay khoi nude thai sinh hoat
va dan dén viéc thai chung ra moi trudng, gy ra su
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hién dién cua du lugng khang sinh trong hé sinh thai.
Du lugng khang sinh nay, du la thuéc dung ban dau,
sén ph&m chuyén hoa hay doi khi la phic hgp TC-kim
loai trong mdi trudng nudc, cd thé giy ra mdéi de doa
nghiém trong dén moi trudng, doéi véi con ngudi va
ddng vat dudi dang vi sinh vat khang khang sinh hodc
dan dén sy phét trién cta mét loai bénh méi [5]. Viéc
tim kiém cdc ky thuat thay thé tic thsi dé loai bo TC
khoi nudc thai véi hiéu qua vé chi phi va tinh bén viing
mdi truong la rdt can thiét.

Nhiéu cong nghé hip phu [6], loc mang [7], qué
trinh oxy héa ning cao [8] va phéan huay sinh hoc [9]
da dugc phat trién d€loai bé TC khoi nuéde. Trong dé,
hép phu dugc xem la mot cong nghé diy hiia hen do c6
nhiéu vu diém nhu hiéu qua cao, chi phi thip va don
gian. Trong s6 tt ca cac loai chédt hip phuy, than sinh
hoc dugc déc trung béi dién tich bé mét riéng 16n, do
xOp phat trién va nguyén liéu tho phd bién. Do d6, n6
dugc biét dén la chit hdp phu trién vong cho viéc loai
bo chét gdy 6 nhiém nudc [10], [11] va da thu hat duge
sy chu y trong linh vyc xt ly nudce thai.

Tuy nhién, than sinh hoc thuan tdy c6 han ché la
dién tich 16 robng nho va bé mat it nhom chic, dan dén
hiéu qué hip phu khong cao. D€ ning cao hiéu qua
hép phu thi gin déy, cdc nghién ctu da chi ra rang can
phéi hoat hoa vat liéu. Qué trinh hoat hoa nay nham
muc dich mé rong dién tich bé mat sinh khéi va ting
cudng phéan bd kich thudce 16 x6p, day la nhiing yéu t&
quan trong trong hiéu qua hap phu [12]. Viéc st dung
KHCO,, mot loai muéi kiém nhe, dic biét c6 lgi do
tinh &n mon thip hon so véi cdc chit hoat hda khac
nhu KOH va NaOH, cho thdy tiém nang ting dung quy
mo l6n an toan hon véi gidam hao mon thiét bi.

Xo dira 14 phé phdm nong nghiép san c6, gid thanh
ré. Day la vat liéu git nudc t6t, toi x6p, phu hgp cho
thay canh va tron dit, giap bo ré phat trién manh va
than thién v&i moi trudng. Pic diém xo dlia c6 chia
ham lugng carbon cao, ciu tric x6p chita nhiéu lignin
va cellulose cao thich hgp lam than sinh hoc.

Véan dé trong tdm ma nghién ctu tip trung giai
quyét 1a phat trién mot vat liéu hdp phu chi phi thép,
than thién moi trudng va cd hiéu qua cao, dugc ché tao
ti ngudn phu phdm nong nghiép san cd, nhdm loai bo
hiéu qué du lugng khang sinh Tetracycline (TC) trong
mdi trudng nude. DE gidi quyét van dé nay, nghién ctiu
huéng dén bén ndi dung chinh: (i) t6ng hop va hoat
héa than sinh hoc tif xo vo qua diia nuéc bang KHCO,
nhim cai thién d6 x8p va mat dd nhom chiic bé mat;
(ii) xac dinh dac trung ciu tric va héa hoc bé mit cua
vat liéu thong qua phan tich SEM va FTIR; (iii) danh
gid kha nang hdp phu TC qua thi nghiém theo mé va
xac dinh dung lugng hép phu cuc dai; va (iv) lam ro

co ché hép phu théng qua cdc mo6 hinh déng nhiét
(Langmuir, Freundlich) va dong hoc (Pseudo-first-
order, Pseudo-second-order). Trén co s& do, nghién
ctiu cung cap ludn cti khoa hoc cho viéc ting dung than
sinh hoc bién tinh tif xo dia nhu moét gidi phap kha
thi va bén viing trong xt ly 6 nhiém khang sinh trong
nudce thai.

Mic du hdp phu Tetracycline bing than sinh hoc
hoat héa KHCO, da dugc khdo sit trén nhiéu loai
sinh khéi khac nhau, va than sinh hoc tii dita thuong
(Cocos nucifera) ciing da dugc nghién cttu cho mot
s6 loai khang sinh, nhung dén nay van chua c6 cong
trinh nao st dung xo vé qua dtia nudc (Nypa fruticans
Wurmb) 1am nguyén liéu ché tao than sinh hoc déloai
bod TC trong méi trudng nude. Dua nude 1a loai co
ngdp man phan b6 rong, khac biét vé mat phan loai hoc
va thanh phén so véi dua thudng, ddng thoi 1a nguén
phu phdm déi dao nhung con bi béd phi, dic biét tai
khu vyc déng bang song Ctu Long. Do dé, tinh méi
ctia nghién ctu nay thé hién & viéc 1an dau tién két hop
nguyén liéu xo vd qua diia nudc véi tdc nhan hoat hda
KHCO,, mét muoi kiém nhe, it dn mon thiét bj va than
thién hon so v6i KOH hay NaOH, nhdm tao ra vat liéu
XD-KHCO, c6 cdu tric x6p phit trién va giau nhom
chiic bé mat cho muc tiéu hdp phu TC. Bén canh viéc
danh gia hiéu qua va lam r6 co ché hdp phy, nghién
cliu con hudng dén gid tri thuc tién theo dinh hudng
kinh té tuan hoan, khi hoa gia tri mot dong sinh khoéi
déc thu ctia ving dé€ viia gép phéan xt ly 6 nhiém du
lugng khéng sinh, vita ndng cao gid tri cho phu phdm
nong nghiép dia phuong.

Trong nghién ctiu nay, diéu ché than sinh hoc tii xo
difa hoat héa Kali bicarbonat (KHCO,) da dugc thuc
hién nham muc dich danh gia hiéu qua cta than sinh
hoc mang tén XD-KHCO, dugc hinh thanh ti xo diia
trong viéc loai bo Tetracycline (TC) thong qua qua
trinh t&m x0 vo qua dita nude véi KHCO.,

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chdt

Cac hda chat dugce stt dung, bao gém la Tetracycline
(d6 tinh khiét 99,9%), metanol (do tinh khiét > 99,9%
HPLC), acetonitril (d6 tinh khiét > 99,9% HPLC)
dugc cung cdp bai Merck & Co., Inc. (Kenilworth,
N.J. USA). pH dung dich dugc diéu chinh bang NaOH
0,IN va HNO, 0,1N. Tét ci cac dung dich dugc chuan
bi bing nudc siéu tinh khiét deionized (nudc DI) (18,2
MQ-cm). Nhiing héa chat khac duge st dung déu
dugc mua tit Showa Chemical Industry Co. Ltd, Japan.

2.2. Phuong phdp nghién ciiu

2.2.1. Biéu ché than sinh hoc

Xo vo quéa diia nude (Nypa fruticans Wurmb) st
dung trong nghién cttu dugc thu gom tii phan vo xo
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bao quanh hat ctia qua diia nudc thai bo sau khi ldy
cui, tai xa Long HO, tinh Vinh Long, thuoc khu vuc
dong bang song Ctiu Long. Diia nuéc la loai co ngap
mdn (mangrove palm) phan bd rong & vung ctia sdng,
bai triéu va ven kénh rach nuGc lg Nam Bo; phan vo
x0 cta qua thuong bi thai bo sau khi st dung cui, tao
thanh ngudn phu phdm sinh khéi déi dao nhung con
it dugc tan dung. Xo vo qua cé dang s¢i, mau nau, cdu
trac toi x8p va bén co hoc, ham lugng carbon cao nén
thich hgp lam tién chat ché tao than sinh hoc. Theo
két qua phén tich thanh phan héa hoc cac bo phén ctia
cay diia nuéc da cong bo, phin vo qué chitia khoang
36% cellulose, 22% hemicellulose va 27% lignin, cing
ham lugng tro tuong déi cao véi cac nguyén t6 vo co
chti yéu la Na, K va Cl [13]. Thanh phén giau cellulose
va lignin nay 12 cd s& thuan lgi d€ hinh thanh cu truc
carbon x0p va cdc nhom chiic bé mat cho vatliéu trong
quad trinh nhiét phin va hoat hoa.

Xo vo qua diia nude dugc thu gom, duge ngam va
rtia nhiéu 1an bang nudc may dé loai bo céc tap chit
hoa tan trén bé mit. Sau do, rlia bang nudc cit, sdy
kho & nhiét do 80°C, xay nhd, ray ldy kich thudc hat
150-250 pm, tiép tuc sy & 80°C trong 3h.

Qud trinh tdm KHCO, dugc st dung dé€ hoat héa
sinh khoi thu dugc. Trong quy trinh nay, bdt xo dua
dugc két hgp véi KHCO, theo ty 1¢ khéi lugng 1:3 va
tron trong 20 mL nudc khi ion & nhiét d6 phong trong
2 gi6. Hon hgp sau d6 dugc sdy kho trong 10 & 105°C
trong 24 gid.

Mau sau d6 dugc nung néng trong 16 dng & 700°C
trong 2 gi¢ dudi dong khi N2 100 mL/min, véi téc do
gia nhiét 10°C.min/1. Than sinh hoc thu dugc dugc
lam sach bang binh ngung héi luu véi dung dich HCI 2
M 6 6°C dé€loai bo tap chat va khudy déu & téc do 1000
vong/phtt trong 6 git bing may khudy tii. D€ dam bao
loai bd hoan toan axit, chit rin dugc rta nhiéu 1an
bang nudc khi ion. San phdm cudi cing dugc sdy kho
trong 10 sdy d6i luu khong khi & 60°C trong 8 gid va
dugc dat tén la XD-KHCO.,.

2.2.2. Ddc tinh cua than sinh hoc

Hinh thdi bé mit cta cac vat liéu dugc tdng hop
dugc chup bang kinh hién vi dién ti quét phat xa
trudng (FESEM, Hitachi SU8010, Tokyo, Nhat Ban)
véi dién ap gia téc electron la 15 kV. Cac nhom chiic
ctia than sinh hoc dugc xac dinh bing mdy quang phd
FTIR (Nicolet iN10, Thermo Scientific, German) véi
phé ghi dugc tit 4000 cm™ dén 500 cm™.

2.2.3. Thi nghiém hdp phu

Cac thi nghiém hap phu hang loat dugc tién hanh
béng cich st dung 120 mg XD-KHCO, trong 150 mL
dung dich g6c chiia 10 néng dé TC khac nhau (5 - 50
mg/L) trong binh tam gidc 250 mL. NaNO, (0,01 M)

NGHIEN CUU

dugc su dung lam chét dién phan hé trg. Tat ca cac
mau dugc lic trong may lic & t6c do 150 vong/phut
va 25°C trong 12 h d€ thuc hién cac thi nghiém hép
phu can bang. Doi vdi cac thi nghiém dong hoc hidp
phuy, phan dung dich dugc 14y méau lan lugt 13 5 min,
15 min, 30 min, 1 h, 2 h, 3 h, 4 h, 8 h, 12 h. Tai thoi
diém hép phu cu thé, tdc 1a 12 h d€ cin bang, 1 mL
dung dich dugc ldy mau bang 6ng tiém va loc qua bo
loc 0,22-pum d€ thu dung dich loc sau hdp phu va phan
tich néng dé TC con lai. TC dugc xac dinh bang cach
stt dung HPLC (Agilent 1200).

Kha ning hdp phu TC dugc tinh toan theo coéng
thiic sau: (Co—CH) XV
w

Trong dé, q, (mg/g) 1a lugng TC dugc hdp phu bai
than sinh hoc, C| (mg/L) la néng d6 ban déu ctia TC,
C, (mg/L) 1a néng do can bang ctia TC, V (L) 13 thé
tich dung dich phan tng, va W(g) 1a liéu lugng cta
than sinh hoc.

Dong hoc hip phu dugc dic trung boi cic mod
hinh déng hoc: mé hinh Pseudo-first-order, mé hinh
Pseudo-second-order. M6 hinh Pseudo-first-order
dugc mo ta nhu sau [14]:

ln(qe - qt) = ln% - klt
MBb hinh Pseudo-second-order dugc thé hién nhu sau:
¢ 1 ¢
& Tk 4

Trong do, k, (min™) va k, (g-mg'.min") la hang s6
tdc do can bang Pseudo-first-order va Pseudo-second-
order, t la thoi gian ti€p xtGc (min). q, va q, lan lugt
la lugng TC bi hap phu trén mot don vi khoi lugng
ctia XD-KHCO, tai thoi di€m t va trang thai can biang
(mg/g).

Dt liéu hdp phu cin bang dugc trang bi bdi cic
duong ding nhiét hip phu: Langmuir va Freundlich.
Mo hinh Langmuir dugc mé ta nhu sau:

GmaxK1Ce
=91+KC

Trong dé: q, 1a kha nang hdp phu cén bang ctia TC
(mg/g), q, . 1akhd ninghdp phu don16p t6i da (mg/g),
KL 13 hing s6 Langmuir (L/mg), va C_la trang thai can
bang nong dé TC (mg/L).

M0 hinh Freundlich dugc mo6 ta nhu sau:

qe = KF X Cen

Trong dé: q, 1a kha nang hdp phu cén bang ctia TC
(mg/g), nla h¢ s6 khong dong nhat bé mit, K, 1a hang
s6 Freundlich (mg/g)(L/mg)"*, va C_la nong d6 TC
can bang (mg/L).

3. KET QUA VA THAO LUAN

3.1. Ddc tinh ctia than sinh hoc

Hinh dnh SEM cho thdy XD-KHCO, hap phu tit vo
x0 dtta ¢6 cdu truc bé mit khong dong nhat véi sy hién

qe =
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Hinh 1. (a) Anh SEM va (b) phé FTIR cia XD-KHCO,

dién ctia cac hat ¢ kich thudc nano va vi mé phan bé
ngau nhién. B&é mit XD-KHCO, thé hién nhiéu 16 x6p
trung binh va it 16 x6p nho do sy bay hoi ctia CO, va
cac khi khac dugc tao ra trong qua trinh nhiét phan
(Hinh 1 (a)), gop phén ting khd nang tiép xuc véi dung
dich chtia Tetracycline.

Phd FTIR cho thdy dang hdp phu dic trung ctia XD-
KHCO, & 3400 cm™ (hgp chét hydroxyl), 1570 cm™
(nhém C=C), 1092-1200 cm™ (nhém C-O), 802 cm!
(nhém C-H) (Hinh 1 (b)). Két qué FTIR chi ra rang cac
vat liéu duogc ché tao c6 chita nhiéu nhém chtic, c6 thé
tang cudng dédng ké s6 lugng vi tri hoat dong trén bé mat
va cai thién hon niia kha nang hap phu.

Su két hgp gitia ciu tric x0p va thanh phan nhém
chtic bé mat la co sd giai thich cho kha nang hip phu
TC vugt troi cia XD-KHCO,. Trong qué trinh hoat
héa bang KHCO,, sy phan huy nhiét keém theo gidi
phong CO, va cac khi khac da hinh thanh h¢ thong 16
x0p trung binh phét trién, lam ting dién tich bé mat
ti€p xtc va m& rong kénh khuéch tan, giap phan ta TC
dé dang tiép can cac vi tri hdp phu bén trong vat liéu.
Dong thdi, ph6 FTIR cho thdy bé mit vét liéu chiia cac

280 f 1
—~260 | .
(@]

e
(@)]
5240 - o
[
o
220 F @ Experimental Data
== angmuir
== Freundlich
200 L 1 1 L )
0 10 20 30 40 50

C. (mglL)
Hinh 2. Pudng dang nhiét hdp phu ciia TC trén XD-KHCO,,

nhém chiic giau oxy (-OH, C=C, C-0) c6 thé ddéng
vai tro la nhiing tdm hoat dong. Phén ti TC chtfa vong
thom cung cdc nhém phenol va carbonyl, nén vé mat
1y thuyét c6 thé tuong tac v6i cdc nhém chiic bé mit
nay théng qua mot s6 co ché dugc gia thuyét nhu lién
két hydro, tuong tac cho-nhan dién tt - va tao phtic
bé mat. Tuy nhién, cic co ché néu trén dugc dé xuit
duya trén dic diém nhém chiic va cdu tric phan ti; viée
xdc nhén sy ton tai va mic do dong gop cua tling co
ché can thém bang chiing tryc tiép nhu so sanh phd
FTIR trudc va sau hidp phy, phd XPS va khdo sat anh
hudng cta pH dung dich.

Vai tro caia KHCO, trong viéc phat trién do x6p va
dién tich bé mit ctia than sinh hoc phu hgp v6i nhin
dinh ctia Feng va cong sy [12] khi st dung KHCO,
lam tac nhan hoat hda cho than sinh hoc. Su hién dién
phong phu ctia cdc nhém chiic bé mit thuén lgi cho
qué trinh hép phu chit 6 nhiém ciing thong nhét véi
cac téng quan vé vat liéu than sinh hoc [11]. Nhu véy,
ddc tinh bé mdt uu viét, két hgp gitta do x6p cao va mat
dd nhém chiic 16n, chinh 1a co s& giai thich vi sao XD-
KHCO, dat dung lugng hip phu (291,2 mg/g) cao hon

dang k€ so v6i nhiéu loai than sinh hoc chua bién tinh
hodc bién tinh theo phuong phap khac.

3.2. Dudng dang nhiét hip phu

Dé nghién ctiu dic tinh phan tng cta chit hip phu
va chét bi hdp phuy, dudng ding nhiét hdp phu dugc
stt dung. Qua quan sat cho thdy dung lugng hdp phu
tang nhanh trong khodng nong d¢ thép, sau dé ting
dan cho dén khi dat kha nang can bang hip phu cao
nhit. Trong nghién ctiu ndy, cac dudong ding nhiét hip
phu TC trén XD-KHCO, dugc phén tich héi quy bang
cach st dung cac loai mo6 hinh hép phu Langmuir va
Freundlich. Dudng déng nhiét hip phu va hé s tuong
quan dugc trinh bay & Hinh 2.

Két qud dat dugc cho thdy s6 liéu hip phu cua
TC trén XD-KHCO, phu hgp t6t véi ca hai mo hinh

72 | TAP CHi MOI TRUONG | CHUYEN BE 1112026



NCHIEN CUU ‘

Bang 1. Cac hé s6 ding nhiét hap phu thu dugc tit m6 hinh Langmuir va Freundlich

Langmuir Freundlich
q, K, R? K, n R?
291,2 0,5 0,994 185,17 8,75 0,920

Bang 2. So sanh kha ning hap phu TC ctia vat liéu sinh hoc diéu ché tii xo dira v6i mot s6 nghién ciiu trudc day

Vat liéu hip phu sinh hoc Dung lugng hip phu tdi da qmax (mg/g) Tai liéu tham khao
"Than sinh hoc bién tinh KHCO, tii xo diia 291,2 Nghién ctiu nay
Than sinh hoc bién tinh mangan dioxit 131,49 [15]
Soi composite graphene oxide/canxi alginat 131,6 [16]
Than sinh hoc tit 14 thong 21,44 [17]
Than sinh hoc tii trdu 21,37 [17]
Than sinh hoc tii hat dé 95,06 [18]
Than sinh hoc ti ba ca phé 11,64 [19]

Bang 3. Céc hé s6 dong hoc hip phu thu dugc tii md hinh Pseudo-first-order va Pseudo-second-order

Pseudo-first-order

Pseudo-second-order

q, K, R? q, K, R?

235,16 0,22 0,934 245,75 0,001 0,978
Langmuir (R*=0,994) va Freundlich (R*=0,920) (Bang
1). So v6i moé hinh Freundlich, mé hinh Langmuir m6 e 1
ta t6t hon trang thdi ctia TC trén XD-KHCO, v6i hé s6
tuong quan cao, chi ra ring hanh vi hip phu quan sat 8260 - 1
dugc cha yéu la loai don 16p. Sau khi kich hoat KHCO,, B
kha ndng hép phu cta than sinh hoc déi véi TC dugc E sl |
cai thién ddng k€ va kha nang hép phu tdi da c6 thé dat .
t6i 291,2 mg/g, di€u nay cho thdy XD-KHCO, c6 thé )
dugc sit dung lam chit hap phu hitu hiéu dé loai bd 220¢ e o
TC khoéi moi trudng nudce. Tt d6, chiing to rang su két B
hop gitia hoat héa KHCO, la phuong phdp hi¢u qua 2000 T 5 o ) 2

dé€ ning cao hiéu sufit hdp phu cua than sinh hoc trong
viéc loai bd khang sinh.

Bang 1 cho théy vét liéu hdp phu diéu ché ti xo diia
dat dung lugng hép phu TC lén dén 291,2 mg/g, thé
hién hiéu suat vugt trdi so vdi nhiéu vat liéu sinh hoc
khéc. Cu thé, cac vat liéu khac nhu than sinh hoc bién
tinh mangan dioxit (131,49 mg/g) va sgi composite
graphene oxide/canxi alginat (131,6 mg/g) c6 hiéu suét
trung binh. Than sinh hoc ti hat dé (95,06 mg/g) cho
két qua tuong do6i t6t nhung van chua that sy noi bat.
Trong khi dd, than sinh hoc ti 14 thong va tréu chi dat
khodng 21 mg/g, va ba ca phé c6 hiéu sudt rat thip
(11,64 mg/g). Xét vé mit kinh té, tinh sdn cé va than
thién véi maéi trudng, than sinh hoc bién tinh KHCO,
¢ ngudn goc tli xo duia la mot vat liéu day hita hen va
cb tiém nang trong viéc xt ly khang sinh trong nudc
thai (Bang 2).

C, (mglL)
Hinh 3. Dong hoc hdp phu ctia TC trén XD-KHCO,

3.3. Béng hoc hip phy

Hinh 3 thé hién dudng cong dong hoc hip phu
ctia TC trén XD-KHCO,. Qu4 trinh hdp phu nhanh
xdy ra & giai doan hip phu ban d4u, sau dé la qua
trinh hdp phu cham hon va dat dén trang thai cin
béng sau 4 git. Cac tham s& pht hop véi mo hinh
déng hoc Pseudo-first-order va Pseudo-second-
order dugc ldy tit phuong trinh héi quy tuyén tinh
(Bang 3). Két qua cho thdy cac h¢ s6 k va k, cta
hai m6 hinh kha cao, c6 thé néi rang, hai mé hinh
nay mo ta tét s6 liéu thyc nghiém. Gia tri R? cta
mo hinh Pseudo-second-order cao hon so v6i mo
hinh Pseudo-first-order, cho thidy m6 hinh Pseudo-
second-order phti hop hon dé mo td hanh vi hip
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phu ctia XD-KHCO,. Do m6 hinh déng hoc Pseudo-
second-order bao gébm khuéch tan mang chit long,
khuéch tan hat va hdp phu bé mit nén né thé hién co
ché hép phuy day du va chinh xac hon so v6i mé hinh
Pseudo-first-order. Ngoai ra, m6 hinh Pseudo-second-
order xdc nhan rdng qud trinh hdp phu hda hoc chi
phéi dong hoc hdp phu ctia TC trén XD-KHCO,.

Dién bién hép phu nhanh & giai doan ddu phin
anh mat do 16n cac vi tri hoat dong con tréng cling
chénh léch noéng do cao gitia pha 1dng va bé mat vat
liéu; khi cdc tAm hip phu din bao hoa, t6c d6 cham lai
va dat cin bing sau khoang 4 gi¢ do qua trinh khuéch
tdn ndi hat chi phdi. Viéc s8 liéu tuan theo mo6 hinh
Pseudo-second-order t6t hon (R? = 0,978) ggi ¥ rang
giai doan quyét dinh téc do co6 thé lién quan dén hép
phu héa hoc, v6i kha nang chia sé hodc trao d6i dién ti
gitia phén tt TC va cac nhém chitc bé mat dugc nhin
dién qua phé FTIR. Can luu y rang mtic d6 phu hgp
cao vdi md hinh bac hai biéu kién ty né chua du dé
khang dinh ban chit héa hoc ctia qua trinh; dic trung
nay chu yéu phan anh xu hudéng chung dugc ghi nhén
trong nhiéu nghién ctiu hdp phu TC trén than sinh hoc
bién tinh [6], [15], [19]. Cac két qua hién cé nghiéng vé
gid thuyét rang tao phtic bé mat va tuong tac hda hoc
doéng vai tro quan trong bén canh hip phu vat ly trong
qué trin}} loai bo TC bang XD-KHCO..

4. KET LUAN VA KIEN NGHI

Nghién ctu nay la budc dau trong viéc ché tao
va danh gia vét liéu hip phu véi viéc than sinh hoc
XD-KHCO, da dugc tong hgp tli x6 vo qua dita nudc
(Nypa fruticans) hoat héa bing KHCO, (ty ¢ 1:3, nung
& 700°C). O quy mo6 phong thi nghiém, vét liéu thu
dugc ¢ céu truc x6p va nhiéu nhém chiic hoat dong,
dat dung lugng hip phu Tetracycline (TC) t6i da 291,2
mg/g trén dung dich pha bing nu6c khii ion va dat can
béng sau khoang 4 gio. Di liéu thuc nghiém phu hgp

Viéc nghién citu va phdt trién cdc
vat liéu hdp phu chi phi thdp tu
phu phdm nong nghiép nhu xo
vo qud dita nudc la mot hudng
di dang dugc khuyén khich va
ddu tu dai han theo dinh huéng
kinh té tudn hoan

v6i mo hinh ding nhiét Langmuir (R? = 0,994) va dong
hoc Pseudo-second-order (R? = 0,978), goi y xu hudng
hép phu don 16p véi sy tham gia ctua hip phu hoa
hoc. So v6i mot s6 vat liéu da cong bé trong cung diéu
kién thi nghi¢m, XD-KHCO, véi dung lugng hap phu
tuong doi cao, dong thdi c6 vu diém vé chi phi thip
va tan dung dugc phu phdm nong nghiép. Tuy nhién,
day mdi 1a nhiing két qua ban dau trén hé mo phong
don gidn; vat liéu duge danh gid la mot Ging vién trién
vong can dugc tiép tuc nghién ctiu, cung cép thém co
6 khoa hoc va thuc tién dé khing dinh kha ning ap
dung truc tiép vao xu ly nudc thai thyc té.

Nghién ctiu van con mét sé han ché nhu cac thi
nghiém mdéi thuc hién & quy mo6 phong thi nghiém
trén dung dich TC pha béng nudc khtt ion, chua khao
sat trén nudc thai thuc té€ von chia nhiéu thanh phan
nén va ion canh tranh. Anh hudng ctia céc yéu t6 van
hanh nhu pH, nhiét do, lyc ion va chit hiu co nén
chua dugc danh gia ddy do. Ngoai ra, khd nang tai
sinh, d6 bén qua nhiéu chu ky, co ché hip phu chi tiét
(BET, XRD, XPS) va hiéu qua kinh t€ 6 quy m6 16n van
chua dugc phan tich sau.

Cac nghién ctu tiép theo nén ma rong thu nghiém
trén nudc thai thuyc t€ tit bénh vién, chin nudi va thuy
san, dong thoi danh gia kha nang hip phu dong thoi
nhiéu loai khang sinh. Can khao sat hé thong cac yéu
t0 anh hudng (pH, nhiét do, luc ion) va lam r6 co ché
hép phu. Hudng nghién ctu vé€ kha néng tdi sinh, kéo
dai tudi tho vat liéu, c6 dinh trong cot hodc két hop
mang loc d€ van hanh lién tuc va trién khai quy mo
pilot ciing rat can thiét. Ngoai ra, viéc két hgp véi cac
cdng nghé khac (quang xtc tic, phan huy sinh hoc) va
danh gia chi phi, 1gi ich sé hoan thién co s& cho ting
dung thuc tién.

Tu két qua budc déu néu trén, nhém nghién ctiu
dua ra mot s6 khuyén nghi mang tinh dinh hudng.
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Nhu da trinh bay ¢ phan han ché va huéng nghién ctiu
tiép theo, vat liéu can dugc tiép tuc hoan thién co s
khoa hoc - bao gém thu nghiém trén nudc thai thyc
té, khao sat ddy du cac yéu t6 van hanh, danh gia kha
nang tai sinh va d¢ bén, ciing nhu tht nghiém & quy
mo pilot - trude khi xem xét bt ky kha nang trién khai
thuc t€ nao. Vi vay, 6 giai doan hién tai, XD-KHCO,
nén dugc xem la mot hudng vat liéu tiém nang cin
nghién ctu thém, chua phai 1a gidi phdp sdn sang dé
khuyén nghi 4p dung dai tra trong xt Iy nuéc thai. O
gbc do quan ly, kiém sodt du lugng khang sinh trong
nudc thai - dic biét ti ngudn y té, chin nuodi va thay
sdn - van 1a mot nhu ciu cdp thiét; viéc nghién cdu
va phat trién cdc vat liéu hdp phu chi phi thép tit phu
ph&m ndng nghiép nhu xd vd qua dua nudc, von doi
dao 6 dong bang song Ctiu Long, 1 mét hudng di dang
dugc khuyén khich va dau tu dai han theo dinh hudng
kinh té tun hoanm
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